TI-35987 



1/5 



11 



13 



15 



17 



REFERENCE LANGUAGE 








PHONETIC TABLE 


— 






FIG. 1 










TARGET LANGUAGE 


— ► 


AUTOMATIC 
TRAINING 
TOOL 




PHONETIC TABLE 






TARGET 








LANGUAGE 


REFERENCE LANGUAGE 






ACOUSTIC 


ACOUSTIC MODELS 




19 




MODELS 










TARGET LANGUAGE 








DATABASE AND PHONETIC 


— ► 






TRANSCRIPTION 









FIG. 2 . 

MONOPHONES SEEDING 



I 



MONOPHONES TRAINING 



MONOPHONES TO 
TRIPHONES 

I 



TRIPHONES TRAINING 



TRIPHONES CLUSTERING 



I 



CLUSTERED 
TRIPHONES TRAINING 

-M/F SEPARATION 
-INCREASE MIXTURES 
-VARIANCE TYING 

1 



TI-35987 



FIG. 3 2/5 © 2003 TEXAS INSTRUMENTS 













VOWELS AND DIPHTHONGS 










iy 


7 


vowel 


high 


front 


1 


x/nippH 


rnnt 


unround 


round 


lax 




ih 


6 


vowel 


high 


front 


1 


x/nirprl 

VUIOCU 


rnnt 

UUI t L 


unround 


short 


tense 




uw 


7 


vowel 


high 


back 


u 


\ir\\ rpH 


rnnt 


round 


round 


lax 




uh 


6 


vowel 


high 


back 


II 
LJ 


VUIUCU 


rnnt 

UUI 11 


round 


short 


tense 




ey 


8 


vowel 


mid 


front 


F 


VUIUCU 


rnnt 

UUI IL 


unround 


round 


lax 




eh 


7 


vowel 


mid 


front 


F 


wnirprl 

VUIUCU 


rnnt 

UUI 11 


unround 


short 


tense 




ow 


8 


vowel 


mid 


back 


0 


voiced 


cont 


round 


round 


lax 




ao 


8 


vowel 


mid 


back 


0 


voiced 


cont 


round 


round 


lax 




ah 


6 


vowel 


mid 


central 


A 


voiced 


cont 


unround 


short 


tense 




ae 


y 


vowei 


IOW 


front 


A 


voiced 


cont 


unround 


snort 


1 nw 

iax 




aa 


Q 
O 


vowei 


IOW 


central 


A 


voiced 


cont 


unround 


snorr 


iax 




ax 


D 


vowei 


IOW 


central 


A 


voiced 


cont 


unround 


snort 


I nw 

iax 




er 


( 


vowei 


mio 


central 


E 


voiced 


cont 


unround 


rouno 


tense 




ay 


p 
O 


Hinht 






A 


voiced 


ncont 








- 


aw 


I u 


Hinht 

□ipnt 






A 


voiced 


ncont 


















CONSONANTS AND SEMIVOWELS 








p 


5 


cons 


stop 


front 


bilabial 


unv 


ncont 


fortis 


ncoron 


ant 


unst 


b 


5 


cons 


stop 


front 


1 i_ • 1 

labial 


voiced 


ncont 


lenis 


ncoron 


ant 


unst 


t 


5 


cons 


stop 


central 


alveolar 


unv 


ncont 


fortis 


coron 


nant 


unst 


d 


5 


cons 


stop 


central 


alveolar 


voiced 


ncont 


lenis 


coron 


nant 


unst 


k 


5 


cons 


stop 


back 


velar 


unv 


ncont 


fortis 


ncoron 


nant 


unst 


g 


5 


cons 


stop 


back 


velar 


voiced 


ncont 


lenis 


ncoron 


nant 


unst 


ch 


7 


cons 


affric 


central 


alveopalatal 


unv 


ncont 


fortis 


coron 


nant 


strid 


jh 


5 


cons 


affric 


central 


alveopalatal 


voiced 


ncont 


lenis 


coron 


nant 


strid 


f 


7 


cons 


fricat 


front 


labiodental 


unv 


cont 


fortis 


ncoron 


ant 


nstrid 


V 


5 


cons 


fricat 


front 


labiodental 


voiced 


cont 


lenis 


ncoron 


ant 


nstrid 


th 


7 


cons 


fricat 


front 


interdental 


unv 


cont 


fortis 


ncoron 


ant 


nstrid 


dh 


5 


cons 


fricat 


front 


interdental 


voiced 


cont 


lenis 


ncoron 


ant 


nstrid 


s 


8 


cons 


fricat 


central 


alveolar 


unv 


cont 


fortis 


coron 


nant 


strid 


z 


6 


cons 


fricat 


central 


alveolar 


voiced 


cont 


lenis 


coron 


nant 


strid 


sh 


8 


cons 


fricat 


central 


alveopalatal 


unv 


cont 


fortis 


coron 


nant 


strid 


zh 


7 


cons 


fricat 


central 


alveopalatal 


voiced 


cont 


lenis 


coron 


nant 


strid 


hh 


5 


cons 


fricat 


back 


velar 


unv 


ncont 


fortis 


ncoron 


nant 


unst 


m 


5 


cons 


nasal 


front 


bilabial 


voiced 


cont 


ufl 


ncoron 


ant 


unst 


n 


5 


cons 


nasal 


central 


alveolar 


voiced 


cont 


ufl 


coron 


nant 


unst 


en 


6 


cons 


nasal 


central 


alveolar 


voiced 


ncont 


ufl 


ncoron 


nant 


unst 




0 


cons 


nasai 


back 


velar 


voiced 


cont 


ufl 


ncoron 


nant 


unst 


1 

1 


0 


semiv 


liquid 


central 


alveolar 


voiced 


ncont 


ufl 


coron 


nant 


unst 


el 


f 


semiv 


liquid 


central 


alveolar 


voiced 


ncont 


ufl 


coron 


nant 


unst 


w 


D 


semiv 


liquid 


front 


bilabial 


voiced 


ncont 


ufl 


coron 


ant 


1 mot 

unst 


y 


6 


semiv 


glide 


central 


alveopalatal 


voiced 


ncont 


ufl 


coron 


nant 


unst 


r 


6 


semiv 


retro 


back 


alveolar 


voiced 


ncont 


ufl 


ncoron 


nant 


unst 










CLOSURES, SILENCE AND SHORT PAUSE 








vcl 


5 


closure 


voiced 


















cl 


5 


closure 


unv 


















sil 


5 


silence 




















sp 


3 


pause 





















TI-35987 



FIG. 4 3/5 © 2003 TEXAS INSTRUMENTS 













VOWELS AND DIPHTHONGS 










iy 


7 


vowel 


high 


front 


i 


\/nirorl 
VUlV/CU 


UUMl 


unround 


long 


tense 




ih 


6 


vowel 


high 


front 


i 


VUlOcU 


l/Ui 11 


unround 


short 


lax 




ey 


8 


vowel 


mid 


front 


p 

L 


wrti pari 


LUWi 


unround 


long 


tense 




eh 


7 


vowel 


mid 


front 


F 


VUlUcU 


IrUMl 


unround 


short 


lax 




ao 


8 


vowel 


mid 


back 


n 

U 


VUlL-cU 




round 


— 


lax 




ae 


9 


vowel 


low 


front 


A 


voiceu- 


corn 


unround 


short 


lax 




aa 


8 


vowel 


low 


central 


A 
A 


voiceu 


corn 


unround 


— 


lax 




ax 


5 


vowel 


mid 


central 


p 

n 


voiceu 


corn 


unround 


short 


lax 




er 


7 


vowel 


mid 


central 


p 
u 


VUlUoU 


r» r\ nt 

corn 


unround 


long 


tense 




an 


8 


vowel 


mid 


back 


A 
A 


voiceu 


corn 


round 


short 


tense 


nasal 


ee 


8 


vowel 


mid 


front 


p 


voiceu 


corn 


unround 


long 


tense 




eu 


6 


vowel 


mid 


front 


p 
t 


voiceu 


ncom 


round 


long 


tense 




in 


6 


vowel 


high 


central 


1 
1 


voiceu 


com 


unround 


short 


lax 


nasal 


iu 


7 


vowel 


high 


front 


1 1 
U 


voiceu 


corn 


round 


short 


lax 




yu 


7 


vowel 


high 


front 


I 


voiced 


cont 


round 


long 


tense 




oe 


7 


vowel 


mid 


front 


0 


voiced 


cont 


round 


short 


lax 




on 


8 


vowel 


high 


back 


0 


voiced 


cont 


round 


short. 


tense 


nasal 


00 


8 


vowel 


mid 


back 


0 


voiced 


cont 


round 


lona 


tense 




un 


6 


vowel 


high 


front 


u 


voiced 


cont 


round 


short 


tense 


nasal 


uu 


7 


vowel 


high 


back 


u 


voiced 


cont 


round 


long 


tense 




ux 


6 


vowel 


mid 


back 


R 


voiced 


cont 


round 


short 


lax 




ai 


8 


dipht 






A 


voiced 


ncont 










oi 


10 


dipht 






0 


voiced 


ncont 










au 


8 


dipht 






A 


voiced 


ncont 


















CONSONANTS AND SEMIVOWELS 










P 


5 


cons 


stop 


front 


bilabial 


unv 


ncont 


fortis 


ncoron 


ant 


unst 


b 


5 


cons 


stop 


front 


bilabial 


voiced 


ncont 


lenis 


ncoron 


ant 


unst 


t 


5 


cons 


stop 


central 


alveolar 


unv 


ncont 


fortis 


coron 


nant 


unst 


d 


5 


cons 


stop 


central 


alveolar 


voiced 


ncont 


lenis 


coron 


nanti 


unst 


k 


5 


cons 


stop 


back 


velar 


unv 


ncont 


fortis 


ncoron 


nant 


unst 


g 


5 


cons 


stop 


back 


velar 


voiced 


ncont 


lenis 


ncoron 


nant 


unst 


ch 


7 


cons 


affricate 


central 


alveopalatal 


unv 


ncont 


fortis 


coron 


nant 


strid 


ih 


5 


cons 


affricate 


central 


alveopalatal 


voiced 


ncont 


lenis 


coron 


nant 


strid 


f 


7 


cons 


fricative 


front 


labiodental 


unv 


cont 


fortis 


ncoron 


ant 


nstrid 


V 


7 


cons 


fricative 


front 


labiodental 


voiced 


cont 


lenis 


ncoron 


ant 


nstrid 


s 


8 


cons 


fricative 


central 


alveolar 


unv 


cont 


fortis 


coron 


nant 


strid 


2 


6 


cons 


fricative 


central 


alveolar 


voiced 


cont 


lenis 


coron 


nant 


strid | 


sh 


8 


cons 


fricative 


central 


alveopalatal 


unv 


cont 


fortis 


coron 


nant 


strid 


zh 


7 


cons 


fricative 


central 


alveopalatal 


voiced 


cont 


lenis 


coron 


nant 


strid 


h 


5 


cons 


glide 


back 


velar 


unv 


ncont 


fortis 


ncoron 


nant 


unst 


m 


5 


cons 


nasal 


front 


bilabial 


voiced 


cont 


ufl 


ncoron 


ant 


unst j 


n 


5 


cons 


nasal 


central 


alveopalatal 


voiced 


cont 


ufl 


coron 


nant 


unst 


ng 


6 


cons 


nasal 


back 


velar 


voiced 


cont 


ufl 


ncoron 


nant 


unst 


en 


6 


cons 


nasal 


central 


alveolar 


voiced 


ncont 


ufl 


ncoron 


nant 


unst 


■ 
1 


0 


semiv 


liquid 


central 


alveolar 


voiced 


ncont 


ufl 


coron 


nant 


unst 


w 


6 


semiv 


liquid 


front 


bilabial 


voiced 


ncont 


ufl 


coron 


ant 


unst 


y 


6 


semiv 


glide 


central 


alveopalatal 


voiced 


ncont 


ufl 


coron 


nant 


unst 


r 


b 


cons 


fricative 


back 


alveolar 


voiced 


ncont 


ufl 


ncoron 


nant 


unst 


Df 


5 


cons 


fricative 

III w U LI* \J 


front 


bilabial 


unv 


ncont 


fortis 


ncoron 

1 1 \J \J 1 w 1 1 


ant 

U III. 


nstrid 

1 1 w LI 1 VJ 


ts 


8 


cons 


fricative 


central 


alveolar 


unv 


ncont 


fortis 


coron 


nant 


strid 


X 


5 


cons 


fricative 


back 


velar 


unv 


cont 


lenis 


ncoron 


nant 


nstrid 










CLOSURES, SILENCE AND SHORT PAUSE 








vcl 


5 


closure 


voiced 


















cl 


5 


closure 


unv 


















sil 


5 


silence 




















sp 


3 


pause 





















TI-35987 



4/5 



101 



REFERENCE LANGUAGE 
PHONETIC TABLE 



I 



I 



107 



FIG. 5 



MOST SIMILAR PHONE j 
IN REFERENCE 
LANGUAGE \ 




TOPOLOGY 
TRANSFORMATION 




TARGET 
LANGUAGE 
SEED MODELS 


/ 
105 


i i 












TARGET LANGUAGE 
PHONETIC TABLE 


^103 







FIG. 6 



3a 



MONOPHONES 

1 



MONOPHONES 
CLONING INTO 
TRIPHONES 



1 



FORCED 
ALIGNMENT 



3b.1 



GENERATE 
TIME-LABELED 
TRIPHONE CONTEXT 

i 



3b.2 



TRIPHONE 
SEEDING 



T 



3b.3 



TRIPHONES 



71 



TARGET 
LANGUAGE 
PHONETIC 

TABLE 

72 



UNIVERSAL LIST 




TARGET LANGUAGE 






OF ARTICULATORY 




UNCLUSTERED 




FIG. 7 


QUESTIONS 




TRIPHONES 






\ 










GENERATION OF 








TARGET 


LANGUAGE SPECIFIC 




TRIPHONE 




LANGUAGE 


ARTICULATORY 


— ► 


CLUSTERING 


— ► 


CLUSTERED 


QUESTION LIST 








TRIPHONES 


73 




S 
74 







TI-35987 



FIG. 8 5/5 © 2003 TEXAS INSTRUMENTS 



HI ICCTIHM MAIt/IC 

UUtoMUN NAMt 


UUto 1 IUN UtrllNI 1 IUN 


HI ICCTIHM MAMP 
UUtollUlM iMAIVIt 


HI ICQTIHM RPPIMITinM ; 
UUto 1 IUN UtNIMI 1 IUN 


Boundary 


SILENCE 


Unvcd_Closure 


ft ft ■ ft^» ■ i k it i r*s. 1 r~ r-^v 

CLOSURE & UNVOICED 


Vcd_Closure 


CLOSURE & VOICED 


Closure 


CLOSURE 


Front_stop 


FRONT & STOP 


Central_stop 


CENTRAL & STOP 


Back_stop 


BACK & STOP 


Affricate 


AFFRICATE 


Stop 


STOP 


Vcd_stop 


VOICED & STOP 


Unvcd_stop 


UNVOICED & STOP 


Nasal 


NASAL 


Frontonasal 


FRONT & NASAL 


Back_nasal 


BACK & NASAL 


Fric 


FRICATIVE, AFFRICATE 


Fricative 


FRICATIVE 


VoicedFric 


(FRICATIVE. AFFRICATE) & VOICED 


Vowel 


VOWEL 


Unvoiced_Fric 


(FRICATIVE, AFFRICATE) & UNVOICED 


Front_vowel 


FRONT & VOWEL 


Front_Fric 


(FRICATIVE, AFFRICATE) & FRONT 


Central_vowel 


CENTRAL & VOWEL 


Central_Fric 


(FRICATIVE, AFFRICATE) & CENTRAL 


Back_vowel 


BACK & VOWEL 


Back_Fric 


(FRICATIVE, AFFRICATE) & BACK 


Liquid 


LIQUID 


Central_cons 


CENTRAL & CONSONANT 


Back_cons 


BACK & CONSONANT 


Front_cons 


FRONT & CONSONANT 


High_vowel 


HIGH & VOWEL 


Mid_vowel 


MID & VOWEL 


Low_yowel 


LOW & VOWEL 


Front 


FRONT 


Central 


CENTRAL 


Back 


BACK 


Fortis 


FORTIS 


Lenis 


LENIS 






Unfortlenis 


UNFORTLENIS 


Coronal 


CORONAL 


Noncoronal 


NON CORONAL 


Anterior 


ANTERIOR 


Nonanterior 


NON ANTERIOR 


Continuent 


CONTINUENT 


Noncontinuent 


NON CONTINUENT 


Strident 


STRIDENT 


Unstrident 


UNSTRIDENT 


Nonstrident 


NONSTRIDENT 


Glide 


GLIDE 


Syllabic 


SYLLABIC 


Unvoiced_cons 


UNVOICED & CONSONANT 


Voiced_cons 


VOICED & CONSONANT 


Unvoiced 


UNVOICED 


Voiced 


VOICED 


Long 


LONG 


Short 


SHORT 


Diphtong 


DIPHTONGUE 


Semivowel 


SEMIVOWEL 


High 


HIGH 


Mid 


MID 


Low 


LOW 


Rounded 


ROUNDED 


Unrounded 


UNROUNDED 


Vocalic 


VOWEL, GUIDE. LIQUID 


Bilabial 


BILABIAL 


Labdental 


ft A 9 V W *V 9 vmm Bl ft m\ ft 

LABDENTAL 


Intdental 


INTDENTAL 


Alveolar 


ALVEOLAR 


Alvpalatal 


ALVPALATAL 


Velar 


VELAR 


Nasal ized_vowel 


NASALIZED 


Nasalized 


NASALIZED, NASAL 


Tense 


TENSE 


Lax 


LAX 


Frontjong 


FRONT & LONG 


Midjong 


MID & LONG 


Backjong 


BACK & LONG 


Highjong 


HIGH & LONG 


Centraljong 


CENTRAL & LONG 


Lowjong 


LOW & LONG 


Front_short 


FRONT & SHORT 


Mid_short 


MID & SHORT 


Back_short 


BACK & SHORT 


High_short 


HIGH & SHORT 


Central_short 


CENTRAL & SHORT 


Low_short 


LOW & SHORT 


l_vowel 


1 


E_vowel 


E 


A_vowel 


A 


U_vowel 


U 


0_vowel 


0 


R vowel 


R 


iy 

• 
• 
• 


iy 

• 
• 
• 


ih 
• 
• 
• 


ih 

• 
• 
• 



